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The  military  needs  devices  that  can  safely  and  reliably  stop  or  arrest  vehicles.  The 
primary  concern  is  security  at  entry  control  points  and  vehicle  check  points  similar  to 
the  one  shown  in  Figure  1.  In  such  scenarios,  it  is  desirable  to  be  able  to  stop  unauthor¬ 
ized  vehicles  at  predefined  standoff  ranges  to  protect  personnel,  equipment,  and  criti¬ 
cal  infrastructure. 

Both  the  military  and  civilian  law  enforcement  agencies  face  similar  issues  with 
chase  scenarios,  where  concerns  over  bringing  an  offending  vehicle  to  a  stop  without 
killing  or  injuring  innocent  civilians,  or  causing  collateral  damage,  often  prolongs  high¬ 
speed  pursuits.  That  said,  currently  employed  nonlethal  options  for  arresting  vehicles 
have  significant  logistical  limitations  and  carry  a  high  cost  per  use. 

The  Naval  Surface  Warfare  Center,  Dahlgren  Division’s  Directed  Energy  Warfare 
Office  (DEWO),  under  the  sponsorship  of  the  Joint  Non-Lethal  Weapons  Directorate 
(JNLWD),  investigated  compact  systems  designed  to  couple  high-power  electrical  im¬ 
pulses  to  a  target  vehicle  to  stop  its  engine.  Such  systems  are  highly  portable,  can  oper¬ 
ate  remotely,  can  be  deployed  quickly  by  a  two-man  team,  and  can  engage  hundreds  of 
targets  before  requiring  any  significant  maintenance. 

System  Overview 

Conceptually,  electrical  vehicle-stopping  systems  are  fairly  simple  devices.  The  sys¬ 
tems  use  several  stages  of  energy  compression  to  take  a  low-peak  power  source — like  a 
battery  pack — and  create  very  intense,  short-duration,  oscillating  electrical  impulses.  The 
block  diagram,  shown  in  Figure  2,  illustrates  the  principal  components  of  such  a  system. 

A  high-energy  density,  300-V  lithium  battery  pack,  similar  to  what  might  be  found 
in  a  hybrid  vehicle,  serves  as  the  prime  power  source  for  the  device.  These  batteries  are 
capable  of  driving  the  system  for  hundreds  of  engagements  before  requiring  recharge. 

The  direct  current  bus  from  the  batteries  is  stepped  up  to  several  kilovolts  in  order 
to  charge  a  capacitive  voltage  multiplier,  such  as  a  Marx  Generator,  Spiral  Line  Genera¬ 
tor,  or  Tesla  Transformer.  Once  triggered,  these  generators  charge  a  resonant  circuit  to 
hundreds  of  kilovolts  which,  when  switched,  generate  the  desired  oscillating  waveform. 
Coupling  this  electrical  pulse  to  a  target  may  be  accomplished  by  direct  electrode  con¬ 
tact,  by  radiating  the  waveform  from  a  broadband  antenna  structure,  or  by  a  combina¬ 
tion  of  both  methods. 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 
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Figure  1.  An  Azerbaijani  Soldier  Guarding  Entry  Control  Point  1  at  the  Haditha  Dam  in  Support  of  Operation  Iraqi  Freedom 
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Figure  2.  System  Block  Diagram  for  Generic  Electrical  Vehicle-Stopping  Systems 


93 


«wai 


lead,n£oe 


Directed  Energy 

Nonlethal  Capabilities 

The  system  is  monitored  and  controlled  by 
an  integrated  system  computer.  A  laptop  com¬ 
puter,  remotely  connected  to  the  system  control¬ 
ler  through  either  fiber  optic  or  a  wireless  network, 
can  be  used  to  arm  the  system.  At  this  point,  mo¬ 
tion  detection  sensors  trigger  the  pulse  train  upon 
the  targeted  vehicle.  The  laptop  can  also  be  used  to 
monitor  the  systems  status,  change  system  param¬ 
eters,  and  receive  data  collected  during  the  last  en¬ 
gagement  event. 

A  conceptual  rendering  of  how  such  a  sys¬ 
tem  might  look  when  in  use  is  shown  in  Figure  3. 
Traffic  would  be  funneled  with  barriers  to  a  sin¬ 
gle  lane.  When  not  engaged,  the  system  electrodes 
would  sit  flush  with  the  roadway  unit,  with  an  ex¬ 
posed  height  of  less  than  3  inches.  When  required, 
the  electrodes  could  be  released  to  make  contact 
with  a  vehicle’s  undercarriage  and  deliver  the  elec¬ 
trical  impulses. 

Comparison  with  Existing  Systems 

Tire  spike  systems  are  frequently  employed  but 
do  not  limit  the  momentum,  drive,  or  control  of  a 


vehicle  to  an  extent  that  could  be  useful  in  any  type 
of  control  or  checkpoint  scenario.  Consequently, 
while  tire  spike  systems  are  primarily  used  in  high¬ 
speed  pursuit  applications,  they  are  limited,  in  that 
they  cripple  the  target  just  enough  to  allow  law  en¬ 
forcement  to  force  the  vehicle  to  a  stop. 

Restraining  nets  are  most  comparable  to  elec¬ 
trical  vehicle  stoppers  with  respect  to  their  intend¬ 
ed  application  and  desired  effect.  Restraining  net 
systems  and  electrical  vehicle  stoppers  both  com¬ 
pletely  arrest  vehicles,  although  by  different  means. 
Restraining  nets  bind  the  front  axle  of  the  vehicle, 
causing  it  to  forcibly  lose  momentum  and  skid  to 
a  stop.  Thus,  the  vehicle  operator  loses  the  abili¬ 
ty  to  steer  the  vehicle,  further  resulting  in  a  lower 
potential  for  collateral  damage.  Electrical  systems 
stop  the  engine  of  the  vehicle,  leaving  the  operator 
with  control  for  the  duration  of  the  vehicle’s  mo¬ 
mentum.  Physical  barrier  structures  can  then  be 
employed  to  force  an  affected  vehicle  to  stop  in  a 
fairly  short  distance.  Modern  vehicles  lose  power 
steering  when  the  engine  is  cut  off,  such  that  the 
maneuverability  of  the  vehicle  is  limited  enough  to 
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Figure  3.  Conceptual  Rendering  of  an  Employed  Electric  Vehicle  Stopping  System 
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allow  normally  nonrestrictive  serpentines  to  be  ef¬ 
fective  at  limiting  roll-off  distances. 

One  key  logistical  advantage  of  electrical  vehi¬ 
cle  stoppers,  compared  to  restraining  nets,  is  the 
average  cost  per  engagement.  Restraining  net  sys¬ 
tems  are  one-time  use  devices  that  cost  several 
thousand  dollars  each.  Electrical  systems  initially 
cost  tens  of  thousands  of  dollars  but  can  perform 
thousands  of  stops  within  the  expected  lifetime  of 
the  device.  Also,  there  is  no  requirement  to  phys¬ 
ically  reset  or  reload  an  electrical  system,  as  with 
restraining  nets.  The  maintenance  required  for 
electrical  systems  involves  the  occasional  replace¬ 
ment  of  electrode  arms  and  the  inspection  of  the 
system  connections  and  pressure  levels. 

Operationally,  both  systems  have  limitations  on 
the  types  of  targets  that  can  be  effectively  stopped. 
Restraining  nets  are  limited  by  vehicle  momen¬ 
tum,  which  can  be  a  product  of  high  speeds  or  large 
vehicles.  Electrical  systems  are  not  limited  by  ve¬ 
hicle  size  or  speed,  but  they  require  additional  sup¬ 
port  from  structures — such  as  serpentines  or  speed 
bumps — to  force  the  target  to  brake  and  dissipate 
its  momentum  once  the  engine  has  been  stopped. 

Both  devices  typically  cause  damage  to  target¬ 
ed,  stopped  vehicles.  Restraining  nets  almost  al¬ 
ways  cause  tire  damage.  Less  commonly,  brake 
lines,  front  axles,  wheels,  and  transmissions  also 
might  be  damaged.  Electrical  systems  typically 
damage  engine  controllers,  security  modules,  and 


engine  sensors.  In  addition,  noncritical  parts — 
such  as  gauges,  radios,  and  cabin  fans — also  might 
be  damaged.  Moreover,  moving  affected  targets  is 
much  less  of  an  issue  with  electrical  stoppers  than 
vehicles  stopped  by  net  systems,  which  must  first 
have  the  net  cut  away  and  freed  before  the  target  is 
moved  to  the  side  of  the  roadway. 

System  Refinement  and 
Look  Forward 

Previous  attempts  to  field  electrical  vehicle¬ 
stopping  systems  have  been  hampered  by  limit¬ 
ed  success  rates  on  a  large  population  of  vehicles. 
Many  models  of  vehicles  are  easily  affected  by  any 
type  of  large  injected  current,  while  others  are  fair¬ 
ly  resistant.  Through  carefully  designed  and  con¬ 
trolled  experiments,  and  logistical  regression 
modeling  techniques,  the  DEWO  team  has  been 
able  to  determine  key  waveform  attributes  that 
scale  with  stopping  effectiveness  rates  on  a  repre¬ 
sentative  population  of  vehicles.  Successful  stop 
rates  exceeding  90  percent  have  been  achieved  on 
a  diverse  vehicle  test  set  by  engineering  system 
resonators  to  enhance  system  performance  The 
DEWO  team,  through  continued  research,  testing, 
and  evaluation,  is  continuing  its  work  to  increase 
the  reliability  and  effectiveness  of  these  systems  to 
make  them  more  compact  and  to  improve  their 
functionality  for  future  military  and  law  enforce¬ 
ment  applications. 
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